here is a substantial heritable component to the risk of stroke 1 and genes that may play a role in this hereditary propensity have been discovered. 2 We have previously shown that documented parental stroke by age 65 years is associated with a significantly increased risk of offspring stroke, and that this association is unlikely to be owing to shared environmental factors alone.
T
here is a substantial heritable component to the risk of stroke 1 and genes that may play a role in this hereditary propensity have been discovered. 2 We have previously shown that documented parental stroke by age 65 years is associated with a significantly increased risk of offspring stroke, and that this association is unlikely to be owing to shared environmental factors alone. 3 In turn, people with high stroke risk are also more prone to brain injury and cognitive impairment. 4 In the current study, we relate prospectively verified parental stroke by age 65 years to volumetric brain magnetic resonance imaging (MRI) measures and cognitive function in middle-aged and older offspring who are free of clinical stroke and dementia, and examine the role of offspring vascular risk factors in mediating these associations.
Methods
Framingham Offspring participants, who survived until the seventh examination (1998) (1999) (2000) (2001) ) and attended at least 1 of the examinations between the fifth and the seventh, were invited to undergo the first cognitive evaluation battery and volumetric brain MRI (1999 MRI ( -2005 . We selected a subset of tests from the cognitive battery as follows: the delayed recall component of the logical memory test, the delayed recall component of the visual reproductions test, the delayed recall component of the paired associate learning test, the similarities test, the difference in the time taken by an individual to complete the Trails B versus the Trails A tasks (TrB−A) (we transformed TrB−A so that higher scores reflected better performance as was true for the other tests), and the Hooper test. The brain MRI measures assessed were total cerebral brain volume, the regional brain volume of the hippocampus, and white matter hyperintensity volume (WMHV). Volume of the hippocampus at the second MRI examination was available only in a small subset of participants at this time, therefore change in hippocampal size was approximated using change in temporal horn volume of the lateral ventricles.
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provided in the online-only Data Supplement. The definition of parental stroke was restricted to strokes occurring <65 years because early occurring strokes are more likely to have a genetic component. 6 Multivariable general linear and logistic regression models were used to relate parental stroke status to cognitive performance and MRI phenotypes. For the longitudinal analyses, odds ratios of being in the highest quintile of change were compared for participants with parental stroke versus those without parental stroke (changes in cognitive and MRI measures are listed in Table IV in the online-only Data Supplement). All analyses were adjusted for age, sex, and education, and in additional separate models, for vascular risk factors and for WMHV, a measure of subclinical vascular injury on brain MRI. The longitudinal analysis was also repeated excluding interval strokes.
Results
Participants with parental stroke (N=128) were less educated and were more likely to have hypertension and diabetes mellitus at baseline compared with participants without parental stroke (Table 1) .
Parental stroke was significantly associated with a higher baseline WMHV and with poorer performance on a test of visual memory (equivalent to 2.8 and 7 years of brain aging, respectively). These associations attenuated and were not significant at P<0.05 after adjusting for vascular risk factors; however, the effect size for WMHV diminished only slightly (Table 2) . Over the follow-up period, there was a greater increase in WMHV among individuals with parental stroke compared with others (Table 3 ). This association also attenuated after additional adjustment for vascular risk factors and after excluding 18 persons who developed interval strokes. In addition, parental history of stroke by age 65 years was associated with a decline in performance on an executive function test (Trails B−A). These results remained significant after adjustment for vascular risk factors (Table 3) or excluding interval strokes but attenuated after including WMHV in the model (Table 3 ). Our findings did not differ by maternal or paternal stroke.
Discussion
The present study explores, for the first time to our knowledge, the relationship between occurrence of stroke in the parents and measures of brain injury and cognitive performance in the offspring. Our findings show that persons in late middleage who have at least 1 parent who suffered a stroke by age 65 years demonstrate subclinical brain injury and cognitive impairment compared with their peers without parental stroke. The associations were independent of age, sex, and education, but the associations with WMHV and visual memory could be partly explained by a familial clustering of vascular risk factors and therefore strongly support the use of preventive strategies in persons whose parent had a stroke at <65 years. On the contrary, our data show that the risk of accelerated decline in executive function associated with parental stroke could not be attributed to the familial clustering of vascular risk factors alone, nor to the occurrence of offspring strokes during the follow-up period, and hence a hereditary propensity is suggested. This is supported by a previous study in which we have demonstrated a strong relationship between parental occurrence of stroke by age 65 years and an increased risk of incident stroke in the offspring, which was independent of vascular risk factors. 3 Previously, large WMHV has been shown to be related specifically to poorer executive function 7 because white matter hyperintensity is most extensive in the frontal lobes, and executive function reflects the integrity of the subcortical frontal system. Our observation that WMHV (and not vascular risk factors) mediates the association between parental stroke and decline in executive function suggests that the increase in WMHV in persons with a parental stroke has functional consequences.
Poor performances on memory and executive function tasks and large WMHV have each been associated with both vascular injury and an increased risk of incident Alzheimer's disease. [8] [9] [10] It is possible that the young age of our study sample limited our power to detect differences in other brain MRI and cognitive measures (such as total brain and hippocampal volume and verbal memory performance) that are more specifically associated with Alzheimer's disease pathology, particularly because Alzheimer's disease is a late-life condition and the changes preceding it might be delayed till the eighth and subsequent decades. 11 In addition, the overwhelmingly European origin of the study sample limits the generalizability of our results. We consider this study exploratory requiring validation in other samples, and thus a post hoc correction for multiple comparisons was not performed. However, the consistent pattern of associations with MRI measures and cognitive tests that have been more often associated with vascular and metabolic stroke risk factors suggests that the observed associations are more likely to be real. The strengths of this study are its population-based setting and the prospective verification of parental stroke status. Further, the follow-up study design enabled us to examine both cross-sectional data and longitudinal change.
Overall, our findings imply that a higher burden of vascular risk factors and presumably a greater genetic propensity to vascular brain injury exists among offspring of parents with a history of stroke by age 65 years that in turn leads to cognitive decline. A history of parental stroke may serve as a simple, clinically useful tool to assess the risk of cognitive impairment.
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Disclosures
None. Definition of parental stroke. Stroke was defined as an acute onset focal neurological deficit of presumed vascular etiology, persisting for ≥ 24 hours. All events were adjudicated by a panel of 2 neurologists. Details of stroke surveillance and protocol for determining the final diagnosis, type, localization and severity of stroke have been published. 1, 2 Initially, participants were classified as having maternal, paternal or no parental history of stroke by age 65 years. However, since no differences in outcomes were found between those with maternal or paternal strokes, we pooled data to categorize subjects as having at least one parent with stroke at age 65 years, or both parents free of stroke at age 65 years (each parent either reached the age of 65 years free of stroke or died free of stroke when he was younger). For parents who were alive at the time of the 7 th Offspring examination but were younger than 65 years at the time, data regarding stroke status was considered as missing. Methodology for Volumetric Brain MRI. MRI techniques used in the Framingham Offspring Study have been described previously. [5] [6] [7] Briefly, participants were evaluated with a 1 or 1.5-Tesla Siemens Magnetom. T2-weighted double spin-echo coronal sequences were acquired in 4-mm contiguous slices. All images were read centrally, blind to parental history of stroke. All volumes were analyzed as percentage of total cranial volume, to correct for differences in head size.
Methodology for Cognitive
Definition of covariates.
Educational achievement was studied as a 4-class variable (no high school degree; high school degree but no college; some college; college degree). Vascular risk factors (systolic blood pressure, current smoking, diabetes mellitus, prevalent cardiovascular disease, and atrial fibrillation) were defined as in the Framingham Stroke Risk Profile (FSRP).
2
Statistical analysis. The variables were log-transformed as necessary to normalize those with skewed distributions. Annual change in neuropsychological test scores and brain volume measures were calculated as the difference between the second and first measurements, divided by the time interval between the 2 examinations. Examination of intra-individual changes suggested that whereas most persons had no significant difference in the two cognitive and MRI measures there was a subset of the sample that showed change in the interim. Hence, change in neuropsychological test scores and in brain volume measures were also analyzed using quintiles, comparing the top quintile of adverse change to the rest. In all analyses, generalized estimation equation models were used to adjust for sibling relationships among offspring. To estimate the equivalency between the mean change in brain MRI and cognitive measures associated with chronological aging and that associated with parental stroke, we divided the regression coefficient for parental stroke by the regression coefficient for age. A sensitivity analysis was performed including only subjects who have information from both parents regarding presence or absence of parental stroke and similar results were obtained. 
